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The bluefi sh, Pomatomus saltatrix (L.) 
(Pomatomidae), is a highly mobile 
pelagic predator (Haimovici and Krug, 
1996), widely distributed along the con-
tinental shelf in the temperate and 
warm waters of the Atlantic, Pacifi c, 
and Indian oceans (Wilk, 1977). Abun-
dant in Brazilian waters, this species is 
commercially exploited by purse-seine 
and gill-net fl eets operating in the sub-
tropical coastal waters of Rio Grande 
do Sul between Conceição (31°42′S) and 
Chuí (33°43′S), at depths between 8 and 
100 m (Lucena and Reis, 1998) (Fig. 1). 
Purse-seine boats are approximately 
23 m in length and have 220–330 HP 
engines, whereas gill-net boats are usu-
ally 14–16 m in length and have 90–150 
HP engines (Boffo and Reis, 1997). Gill 
nets used in the bluefi sh fi shery are 
drift gill nets 1800 m in length and that 
have a stretched mesh size of 90 mm. 

Commercial catches of bluefi sh were 
fi rst monitored from 1976 to 1983 on the 
fi shing grounds from Sarita (32°37′S) to 
Conceição at depths up to 35 m (Krug 
and Haimovici, 1991). Bluefi sh were 
then primarily exploited by purse seine 
but were also taken as bycatch in a gill-
net fi shery targeting wreckfi sh (Poly-
prion americanus) and elasmobranchs. 
Commercial catches were dominated by 
fi sh between 1 and 3 years old for the 
purse-seine fl eet and by fi sh aged 2–4 
years old for the gill-net fl eet (Krug and 
Haimovici, 1989). 

As catches from the estuarine Patos 
Lagoon declined, beginning in 1982, 
the artisanal fl eet began exploiting new 
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Abstract–We examined the effects 
of gear selectivity and the con-
sequences of a chosen method 
for estimating growth parameters 
of bluefi sh, Pomatomus saltatrix, 
from southern Brazil. Samples were 
obtained from commercial landings 
at Rio Grande (1992–97). Age deter-
mination for 1159 fi sh indicated 
that gill-net and purse-seine fi sh-
eries caught 1–5 year-old and 1–7 
year-old fi sh, respectively. Trawl-
ers caught fi sh from ages 1 to 7. 
Because of their high degree of 
selectivity, the gill nets caught the 
larger individuals of ages 1 and 
2, as well as the smaller individu-
als of ages 3–5. Faster-growing fi sh 
captured with gill nets had smaller 
scales than fi sh of a similar length 
caught with purse seines. By con-
trast, the slower-growing fi sh cap-
tured with gill nets had larger scale 
size than fi sh of a similar length 
caught with purse seines. For gill 
nets and purse seines, there were 
differences between the von Ber-
talanffy growth estimates derived 
from both mean values of back-
calculated length-at-age and indi-
vidual back-calculated length-at-
age. We also recorded differences 
in growth parameters obtained 
from back-calculated length-at-age 
derived from measurements to the 
last annulus only and from mea-
surements of all annuli up to the 
sampling age. Selectivity-related 
bias was incorporated in the esti-
mation of growth parameters, yield-
ing unrealistic estimates of L∞ and 
k for the gill-net growth curve.

fi shing grounds and a fi shery developed 
in shallow coastal waters (Reis, 1992). 
Since 1990, bluefi sh have been caught 
primarily by gill net (up to 72% of land-
ings by weight) and the fi shing grounds 
now extend southward into waters up 
to 100 m (Lucena and Reis, 1998). For 
the period 1991–95, commercial catches 
have included individuals to age 10 (Lu-
cena, 1997). 

Since the emergence of the gill-net 
fl eet, the exploitation of the bluefi sh has 
been increasing. From 1991 to 1996, 
there has been an 87% increase in the 
length of netting deployed and a 166% 
increase in the soak time of the gear 
(Lucena and Reis, 1998). In addition, 
there has been a decrease in mean 
length of fi sh caught by purse seines 
and gill nets from 1992 to 1995 (Luce-
na, 1997). Average annual landings of 
the bluefi sh decreased from 3100 (dur-
ing the period 1990–95) to 1700 tonnes 
(during 1996–98) (IBAMA1).

The growth parameters of the south-
ern Brazilian bluefi sh population were 
estimated by Krug and Haimovici 
(1989), using scales from fi sh landed 
commercially by several gears (gill nets, 
purse seines, trawlers, long lines, and 
beach netting) from 1976 to 1983. Their 
study excluded individuals larger than 
63 cm TL because the larger fi sh lived 

1 IBAMA (Instituto Brasileiro do Meio Ambi-
ente e dos Recursos Naturais Renovaveis).
1990–1998. Unpubl. data. Centro de 
Pesquisa do Rio Grande (CEPERG)–RS, 
IBAMA, Brazil. Cep: 96201-900.
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at depths greater than 35 m, the operation-
al limit of the fl eet at that time. Given to-
day’s increased exploitation of bluefi sh, and 
the lack of older fi sh in the earlier study, we 
decided to examine the age structure and 
growth parameters of the bluefi sh stock off 
southern Brazil. New data are compared to 
previously published information and the 
effects of gear selectivity on the estimation 
of growth parameters are also evaluated. 

Annulus formation occurs in winter (June 
to September) and is associated with lower 
water temperature (Haimovici and Krug, 
1996). Rings do not become visible until 
growth resumes in January or February. 
During peak spawning, January–February, 
the true age of individuals with one ring is 
7 months on average (Haimovici and Krug, 
1992). 

Even though most sampled bluefi sh have 
usually been caught during the short period 
of the fi shing season (June to September), 
the real age of a fi sh may vary by between 4 
and 9 months from that notionally adopted 
because the bluefi sh is a multiple spawner 
and because this species’ scale ring forma-
tion is associated with lower temperatures 
(the exact timing of ring formation varies 
from year to year and can also be infl uenced 
by environmental phenomena such as El 
Niño events). Hence, because sample col-
lections were spaced unevenly throughout 
the fi shing season for both within-year and 
between-period comparisons, growth rates 
based on changes in observed lengths were 
deemed inappropriate and the estimation 
of growth parameters was based on back-
calculated lengths. 

Many early writers, using the back-calcu-
lation technique, made no mention of the 
reason for choosing a particular procedure 
(e.g. Johnson and Saloman, 1984; Barger, 
1990; Vieira and Haimovici, 1993). Valuable 
reviews on back-calculation were carried out 
by Hile (1970), Tesch (1971), Casselman (1987) and Francis 
(1990) and, although this technique is widespread, it still 
does not appear to be well understood. Moreover, there is 
a common tendency to plot only mean, rather than indi-
vidual, back-calculated length-at-age to produce the growth 
curve (Hilborn and Walters, 1992). The effects of different 
approaches on growth parameter estimates are discussed in 
this paper.

Materials and methods

Sampling, age structure, and scale reading

We sampled commercial landings from three fl eets at Rio 
Grande from 1992 to 1997: catch from the gill-net fl eet, 

catch from the purse-seine fl eet, and bycatch from the 
trawl (pair and otter) fl eet (Table 1). We sampled 13 addi-
tional bluefi sh from the gill-net fi shery targeting wreck-
fi sh (Polyprion americanus), choosing larger (older) fi sh 
in order to investigate the size of the bluefi sh that move 
along the shelf break at depths >200 m, where the wreck-
fi sh fi shery operates. We collected an additional 57 individ-
uals (75–135 mm in TL) with experimental trawls in the 
estuary of Patos Lagoon in order to calibrate the weight-
length relationship for juveniles.

Total length (TL) in mm of 1159 fi sh (260 to 711 in TL), 
measured to the end of the extended tail were recorded. 
The total weight (TW, in grams) and sex (macroscopically 
determined) of 580 bluefi sh, ranging in size from 75 to 711 
mm TL, were determined to calculate the weight-length 
relationship, by using nonlinear least-squares regression 

Figure 1
Map of the southern coast of Brazil and sampling area for bluefi sh. 
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Table 1
Depth, sampling period, length and age range, and number of boats and individuals examined as part of the bluefi sh sampling in 
southern Brazil during the 1992–97 period. 

 Bluefi sh target species Bluefi sh bycatch

 Gill net Purse seine Gill net Trawl (pair and otter) net

Depth (m) 10–35    8–100 270 8–68
Sampling period  Jun–Aug May–Sep  Sep Jan–Mar, May
Length range (mm)  301–602 265–711 650–770 262–711
Age range (years) 1–5 1–7  5–10 1–7
Number of boats examined  33  11  1  7
Number of individuals examined 853 233 13 60

(SPSS, 1998). T-tests were used to test for gear- and sex-
specifi c length-weight relationships.

Scales of captured bluefi sh were removed from under 
the pectoral fi n and stored in a coin envelop. The scales of 
1159 fi sh were mounted between glass slides and fi sh age 
was determined by following Krug and Haimovici (1989). 
Fish were considered to be 1 year old after the formation 
of the fi rst winter ring and a further year was added to 
the age of the fi sh for each subsequent ring (Krug and 
Haimovici, 1989).

Two different readers assigned ages for the fi sh, with no 
knowledge of fi sh length or month and gear of capture. If 
two readings agreed, then the age of that reading was ad-
opted as defi nitive. If not, the scale was reread after two 
months, concurrently by both readers. If two of the three 
readings were the same, the age of these two readings was 
assumed as defi nitive. If all three readings differed, the 
scale was omitted from further analysis. On some scales, 
a single reader assigned ages. This method was followed 
with a time lag (2 months) between readings.

Estimation of growth parameters

Sample sizes were suffi cient for estimation of growth 
parameters from gill-net and purse-seine samples. Ages 
from the direct reading of scales were obtained for 816 
bluefi sh from gill-net samples and for 212 bluefi sh from 
purse-seine samples. 

Ricker (1992) pointed out that the inclusion of sampled 
fi sh taken at different times during the growing season 
should be avoided and that preferably fi sh collected be-
tween the formation of an annulus and the start of the 
next year’s growth should be used in analysis. Only data 
obtained during the fi shing season were included for esti-
mation of growth parameters derived from direct reading, 
and data derived from purse-seine samples (the less selec-
tive gear) were used to compare the growth parameters 
derived from mean observed lengths-at-age and back-cal-
culated lengths-at-age.

For back-calculation of growth parameters, 283 speci-
mens (174 from gill-net samples and 109 from purse-seine 
samples) were used. Fish were processed by sex and gears 
used in their capture to avoid bias in results. 

We determined the relationship between fi sh length 
(TL) and scale radius (S). Krug and Haimovici (1989) pre-
viously identifi ed a nonlinear relationship between fi sh 
length and scale radius for the southern Brazilian bluefi sh 
(TL=aSb). Back-calculated total lengths at age were deter-
mined by using the formula of Monastyrsky (see Bagenal 
and Tesch, 1978; Francis, 1990):

Ln = (Sn/S) b × TL,

where Ln = the length of fi sh when annulus “n” was 
formed; 

 Sn = the radius of annulus “n” (at fi sh length Ln); 
and 

 b = the slope from the body-scale relationship TL 
on S. 

This nonlinear method for back-calculation assumes that 
the relationship TL on S is of the form TL = aS,b where a 
and b are parameters to be estimated usually by nonlinear 
least squares. 

The periodicity of growth increments was examined by us-
ing analysis of marginal increments [(S – Sn)/(Sn – Sn–1)] 
from fi sh 2–7 years old (mainly 2–3 years old) (following 
Krug and Haimovici, 1989). Because of the limited temporal 
range of samples, no marginal increments analysis was done 
for the months March–April and November–December. 

We derived theoretical growth parameters by fi tting 
back-calculated lengths-at-age to the von Bertalanffy 
(1934) growth equation

L Lt
k t t= −( )∞

− −1 0exp ,( )

where Lt = the length at age t; 
 L∞ = the asymptotic length; 
 k = the brody growth coeffi cient; and 
 t0 = the age when length would theoretically be 

zero. 

Estimation of growth parameters was based upon two 
criteria. Criterion I identifi ed the type of summary statis-
tic to be used:
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Ia corresponded to mean values of back-calcu-
lated lengths-at-age; and

Ib represented individual back-calculated lengths-
at-age.

Criterion II identifi ed the type of data to be 
used:

IIa corresponded to the back-calculated length-
at-age derived from the last annulus only; 
and

IIb represented the back-calculated lengths-at-
age derived from all the annuli up to the 
sampling age.

We calculated growth parameters by using four 
methods for each gear: method 1 (where criteria 
Ia and IIa were used), method 2 (where criteria 
Ia and IIb were used), method 3 (where criteria Ib 
and IIa were used), and method 4 (where criteria 
Ib and IIb were used).

The growth curves were estimated with the program AD 
Model Builder (Otter Research, 1996), which uses an au-
tomatic differentiation algorithm to estimate the param-
eters of a nonlinear function with an appropriate objective 
function. The software allows the calculation of confi dence 
intervals for parameter estimates with asymptotic normal 
approximations.

The objective function considered is the nonlinear least-
squares regression criterion, R(.), either given by

R L k t O O Lt t t

t
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∞

=

( ) = −∑, , ( ) ,0
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when mean values are considered, or given by
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when individual values are considered.

Note that Ot is the mean back-calculated length-at-age 
t, Oti is the ith individual back-calculated length-at-age t, 
T denotes the maximum number of distinct ages, and nt 
is the number of observations at age t. To compare growth 
curves between gears, Hotelling’s t-test (1979) was used. 

Results

Age structure of the stock 

We examined a total of 1159 fi sh and 94% of samples were 
collected during the fi shing season (June to September)—
the remaining numbers represented bycatch during the 
off-peak season. Age determination (Fig. 2) indicated that 
the gill-net fi sheries caught fi sh of ages 1–5 (mode=

3 yr) and purse-seine fi sheries caught fi sh of ages 1–7 
(mode=2–3 yr). Trawlers caught fi sh of ages 1–7. Individ-
uals of ages 5 to 7 represented less than 2% of samples 
(individuals of 5 to 7 years old were underrepresented 
also in the back-calculation procedures). The deep-water 
(to 200 m) gill-net fi shery targeting P. americanus caught 
individuals of age 5–10 and the only fi sh older than age 7. 
There was a considerable overlap in the range of observed 
lengths-at-age (Table 2), nevertheless signifi cant differ-
ences between gears were detected for some ages. Gill nets 
caught larger individuals of ages 1 and 2 and smaller 
individuals of ages 3–5 than purse seines. Trawls, on the 
other hand, appear to catch smaller individuals in all age 
classes.

Weight-length relationship

We found no statistically signifi cant differences in length-
weight relationships between gear types or between sexes 
(t-test, P>0.05). The relationship for both sexes and all 
gears combined is illustrated in Figure 3.

Body-scale relationship 

Gear-specifi c regressions of TL on S (Fig. 4) showed that 
gill nets tended to catch the fast-growing fi sh of younger 
ages and the slow-growing individuals of older ages. These 
faster-growing younger fi sh (<360 mm TL, 1–2 years) have 
smaller scales than similar-size purse-seine–caught fi sh 
(t-test; P<0.05). By contrast, the slower-growing fi sh (>410 
mm TL, 4–5 yr) had larger scales than fi sh of a similar 
length caught by the purse-seine fl eet. For the length 
range that the gill nets target most effi ciently (360–410 
mm TL, age 3), the TL-S relationship for both gill net and 
purse seine was similar.

Periodicity of growth increments

Our limited data showed marginal increment to be lowest 
in January–February, corresponding to ring deposition. 

Figure 2
Relative proportion (%) of bluefi sh caught by various fi sheries oper-
ating off Brazil’s southern coast.
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Table 2
Mean observed length-at-age for gill-net (targeted catch), purse-seine, and trawl catches. The symbol SD denotes the standard 
deviation, n denotes the number of individuals examined and “—“ denotes that a value could not be calculated. ANOVA was per-
formed only for the age classes with n greater than 10. 

 Gill net length at age (mm) Purse-seine length at age (mm) Trawl length at age (mm)
Age
(yr) Average Range SD (n) Average Range SD (n) Average Range SD (n)

 1 354.31.2 301–417 30.8 (33) 313.51   276–385  23.4 (31) 278.5   265–292 19.0 (2)

 2 408.71 293–495 32.6 (286) 385.01   290–485 44.5 (49) 372.8   285–409  47.0 (6)

 3 438.91 328–543 31.0 (431) 460.41,3  364–520 40.7 (61) 419.43  361–498 30.6 (24)

 4 467.71 410–602 42.3 (65) 518.11,3 451–622 38.3 (62) 451.53  342–554 54.7 (12)

 5 498.0  — (1) 552.5  418–711 54.4 (17) 474 — — (1)

 6    622.7  556–661 38.7 (7) 507 477–661 89.3 (4)

 7    664.5  657–672 10.6 (2) 651 642–660 12.72 (2)

1 Signifi cant difference between lengths-at-age for gill-net and purse-seine catches (ANOVA, P<0.05). 
2 Signifi cant difference between lengths-at-age for gill-net and trawl catches (ANOVA, P<0.05).
3 Signifi cant differences between lengths-at-age for purse-seine and trawl catches (ANOVA, P<0.05).

Figure 3
Weight-length relationship for bluefi sh (sexes and gears combined). 

TW = 8 × 10–06TL3.05

n = 580
r 2 = 0.99
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Table 3
Mean back-calculated total lengths (mm) of bluefi sh for the purse-seine and gill-net fi shery. Lc = Mean observed lengths-at-age. 
Mean back-calculated lengths-at-age derived from the last annulus are shown in bold.

 Method
   SD
Age-group Lc n (last annulus only) 1 2 3 4 5 6 7

Purse-seine fi shery
 1 313.5 22 27 202.2
 2 385.0 26 31 189.0 315.5
 3 460.4 23 36 227.9 358.0 437.3
 4 518.1 26 35 234.5 373.1 462.4 504.3
 5 552.5 8 72 225.4 366.9 455.4 504.5 547.1
 6 622.7 3 30 219.1 352.5 447.2 502.0 552.7 607.9
 7 664.5 1 — 247.9 352.6 512.1 574.6 615.9 636.5 647.4
 Mean (all annuli)   109  214.6 350.6 451.3 506.1 554.4 615.4 647.4
 SD    36 47 45 46 64 28 —

Gill-net fi shery
 1 354.3 18 27 236.2
 2 408.7 59 46 230.4 346.1
 3 438.9 75 30 239.8 358.2 430.3
 4 467.7 21 41 244.9 366.2 445.5 480.8
 5 498.0 1 — 196.3 350.3 403.7 426.5 460.0
 Mean (all annuli)  174  236.7 354.9 433.3 483.4 460.0
 SD    41 39 58 41 —

Growth occurs from May to October and peaks in 
August. From these data, we believe that the growth 
increments are annuli. 

Back-calculated length-at-age and estimation 
of growth parameters

Back-calculated lengths-at-age calculated by using the 
last annulus only (IIa) were smaller than lengths-at-
age calculated by using all annuli (IIb) (Table 3). There 
were also signifi cant differences in lengths-at-age for 
these two criteria between gear types (t-test, P<0.05 
for all age classes). Sexes were combined because there 
was no signifi cant difference between them (t-test, 
P<0.05). Back-calculated lengths-at-age for gill-net 
samples showed a decreasing pattern for older fi sh (5 
years old), indicating the presence of Lee’s phenom-
enon and the selective effects of this gear.

Estimates of theoretical growth parameters indi-
cated differences by gear and method of estimation 
(Table 4, Fig. 5). For criterion I, estimates with mean 
back-calculated lengths-at-age (criterion Ia) produced 
higher values of L∞ (and smaller values of k) for 
purse-seine samples than estimates with individual 
back-calculated lengths-at-age (criterion Ib). The op-
posite trend was observed for the gill-net samples.

On the other hand, for criterion II, especially for purse-
seine samples, estimates of mean back-calculated lengths-
at-age derived from the last annulus only (criterion IIa) 
produced smaller values of L∞ (and higher values of k) 

than estimates with mean back-calculated lengths-at-age 
for all annuli (criterion IIb) (Table 4). Furthermore, for the 
purse seine, the growth parameters derived from methods 
3 (Ib, IIa) and 4 (Ib, IIb) were distinct (Table 4). The at-

Figure 4
Total length-scale relationship derived from gill-net samples 
(TL=140.5S0.72, n=174) and purse-seine samples (TL=116.7S0.86, 
n=109).
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tempt to fi t the von Bertalanffy growth curve by method 4 
for the gill net failed because no feasible solution could be 
found for the parameters of the curve.

For all methods there were signifi cant differences in 
growth parameter estimates between the gill-net and the 
purse-seine samples (Hotelling’s t-test, P<0.05).

The comparison between mean back-calculated (espe-
cially criterion IIa) and mean observed length-at-age 
showed that the latter is systematically larger than the 
former (Table 3). This difference was expected because 
the mean back-calculated lengths-at-age were obtained 
for length at time of annulus formation (where spawning 
season and time of annulus formation are considered uni-

form for all fi sh). The differences between both means 
may be attributed to growth after the growth mark for-
mation. Moreover, the mean observed length-at-age cal-
culated from sampled fi sh was obtained from individuals 
that may have spawned at different times of the year 
or whose ring formation may have been distinctly visible 
in time, resulting in fi sh with distinct real ages. Hence, 
growth parameters obtained from mean observed lengths-
at-age of purse-seine catches during the fi shing season 
(L∞=985 mm, k=0.12 and t0= 2.17) were signifi cantly dif-
ferent from the growth parameters derived from back-
calculated lengths-at-age (also from purse-seine catches) 
(Hotelling’s t-test, P<0.001 for all methods).

A

B

C

Figure 5
Growth curves for bluefi sh caught by purse seines and gill nets calculated by 
(A) method 1 (mean lengths—last annulus only) (B) method 2 (mean lengths—
all annuli) and (C) method 3 (individual lengths—last annulus only).
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Table 4
Growth parameters and correlation between k and L∞ for different methods (1–4), and respective criteria (Ia, Ib, IIa, IIb) of back-
calculation. Standard errors are given in parenthesis. “—“ denotes that parameter estimates did not converge to a solution. 

 Purse seine  Gill net

 [1] [2] [3] [4] [1] [2] [3] [4]
Parameters Ia–IIa Ia–IIb Ib–IIa  Ib–IIb Ia–IIa  Ia–IIb  Ib–IIa  Ib–IIb

L∞ 773 (32.6) 743 (26.6) 754 (53.8) 670 (55.2)  496 (21.3) 491 (17.1)  589 (45.3) —
k  0.25 (0.03) 0.27 (0.03)  0.26 (0.04)  0.35 (0.07)  0.65 (0.14)  0.71 (0.13)  0.39 (0.08) —
t0 –0.21 (0.12) –0.27 (0.12) –0.15 (0.12) –0.09 (0.13)  0.03 (0.20)  0.09 (0.17) 0.27 (0.2) —
r (k, L∞) –0.97 –0.97 –0.98 –0.98 –0.89 –0.87 –0.98 —

Discussion

Back-calculation of length is widely used to obtain growth 
curves, to estimate length-at-age of individuals that are 
rarely observed, to compare growth differences among 
populations or sexes of  the same species, and even to illus-
trate gear selectivity (Francis, 1990). However, this tech-
nique is poorly understood (Francis, 1990; Rijnsdorp et 
al., 1990) and some of the sources of bias in using the 
technique are 1) inaccurate counts of annuli and incor-
rect estimation of time of formation of the growth mark; 
and 2) an erroneous choice of the mathematical function 
to describe the body-scale relationship. In respect to the 
fi rst source of bias, our results corroborate the fi ndings 
of Krug and Haimovici (1989). In respect to the body-
scale relationship, the main concern of Francis (1990) was 
to decide whether the appropriate regression was TL on 
S (body proportional) or S on TL (scale proportional). 
The small difference between the back-calculation derived 
from the two approaches for the bluefi sh can be a mini-
mum measure of precision of the back-calculation proce-
dure (Francis, 1990). Campana (1990) and Wright et al. 
(1990) pointed out that slow-growing fi sh have larger bony 
structures (scales or otoliths) than fast-growing fi sh of 
the same size. For the bluefi sh body-scale relationship, 
we attribute this effect to gear selectivity. The fast-grow-
ing fi sh (ages 1 and 2 from the gill-net catches) tend to 
occur above the purse-seine curve and the slow-growing 
fi sh (ages 4 and 5 from the gill-net catches) tend to occur 
below the purse-seine curve in a TL-S relationship. 

An additional source of bias may be introduced depend-
ing on whether mean back-calculated lengths-at-ages or 
individual lengths-at-age are used to fi t the von Berta-
lanffy equation. The estimated growth parameters derived 
from the two methods may differ considerably (Hilborn 
and Walters, 1992). Use of mean values would ignore indi-
vidual variability in length-at-age, giving the same weight 
for possibly uncertain ages because of low sample sizes. 

We suggest that back-calculated lengths-at-age derived 
from the last annulus only (criterion IIa) be used rather 
than the back-calculated lengths-at-age derived from all 
annuli (criterion IIb). Many investigators continue to use 
mean-weighted data (all annuli) (e.g. Krug and Haimov-

ici, 1989; Barger, 1990)—a procedure in violation of the 
least-squares assumption of independence of sample ele-
ments (Draper and Smith, 1966). This assumption is vio-
lated when multiple measures from a single fi sh are used. 
Use of the last annulus only does not use all information 
available about growth of all cohorts and may result in an 
incorrect estimate of lengths-at-age for age classes absent 
or infrequently caught. However, if representative sam-
ples are available for younger age groups, the use of back-
calculated lengths-at-age derived from the last annulus 
only is to be preferred.

Ricker (1969) noted that where differential mortality 
exists, the calculated average length of a particular age 
class calculated from the last annulus differs from the cal-
culated average length of an age class calculated from pre-
vious annuli—the latter representing the former size of 
the fi sh that has survived to the sampling age. The differ-
ential mortality may be due to natural or fi shing causes 
but under these circumstances, the average size of fi sh in 
the year class becomes different as time passes and the 
frequency distribution of the survivors would become pro-
gressively skewed. Gutreuter (1987) suggested that back-
calculation should be restricted to the most recent annu-
lus to avoid bias from size-selective sampling. 

Gear selectivity can infl uence estimates of growth para-
meters (Ricker, 1969; Potts et al., 1998), and we found that 
gear-related differences in parameters were signifi cant. 
Gill nets, on the basis of their mesh size, are a selective 
gear. Trawls are selective for smaller fi sh that may not be 
able to avoid the nets because of slower swimming speed 
(Hilborn and Walters, 1992). Purse seines are probably 
a less selective gear (Cushing, 1968). Observed lengths-
at-age refl ect the differences in selectivity between gears. 
Gill nets catch the faster-growing fi sh at age 1 and 2 and 
the slower-growing fi sh at age 4 and 5, and trawls catch 
the smaller individuals for each age. 

The high selectivity of gill nets is visible in the body-
scale relationship, the mean observed length-at-age, and 
in the back-calculated lengths-at-age which indicate the 
presence of Lee’s phenomenon (Lee, 1920). Size-selective 
mortality—caused by the differing catchabilities of fi sh at 
different sizes—is the probable reason for Lee’s phenom-
enon in back-calculation of lengths from gill-net catches. 
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Selectivity-related bias from gill-net back-calculation 
is thus incorporated in the growth parameter estima-
tion. The growth curve calculated from gill-net back-
calculation reports unrealistic L∞ and k. Method 4 (in-
dividual back-calculated lengths-at-age derived from 
all annuli) for the gill net failed because no feasible so-
lution could be found for the parameters of the curve. 
High variability of back-calculated lengths-at-age de-
rived from all annuli (see standard deviations in Table 
3) in the presence of Lee’s phenomenon may have been 
the reason for the unsuccessful attempt to obtain esti-
mates of the parameters of the von Bertalanffy growth 
curve with this method.

In our study, the growth parameters estimated from 
individual back-calculated length-at-age derived from 
the last annulus only (method 3) on purse-seine sam-
ples were considered to be the most appropriate for 
future assessment of the southern Brazilian bluefi sh 
stock. This gear is less selective than others and data 
comprise a wider range of total length groups and age 
groups.

Changes in Brazilian commercial fi shing operations 
for the bluefi sh over the last decade have led to chang-
es in the length and age structure of commercial land-
ings. From 1976 to 1983 the maximum age and total 
length of bluefi sh in the fi shery were 7 years and 630 
mm TL, respectively, and less than 5% of fi sh were 
4 years and older (Krug and Haimovici, 1989). Cur-
rently the fi shery lands fi sh up to age 10, and 16% 
of fi sh are aged 4 and older. The inclusion of older in-
dividuals in recent catches is due to the expansion 
of the fi shery into deeper areas. In 1990, the purse-
seine fi shery began moving to deeper waters, catching 
a wider range of sizes of bluefi sh. Hilborn and Walters 
(1992) have pointed out the necessity to understand 
fl eet dynamics in order to assess the population dy-
namics of a species.

Our mean back-calculated lengths-at-age (calculat-
ed from the last annulus only) are similar to those 
found by Krug and Haimovici (1989) (except for ages 
1 and 3) (Table 5), but estimated growth parameters 
for the two studies are different. We believe these dif-
ferences are due to differences in fi shing operation be-
tween the two periods (fl eet operated in shallower wa-
ter in 1977–83 than in 1992–97) rather than to fi shing 
pressure. Also, the use of individual back-calculated 
lengths-at-age for the last annulus only (method 3) 
rather than the mean back-calculated lengths-at-age 
for all annuli (weighted mean, method 2, Krug and 
Haimovici, 1989) could have led to such a difference.

Data from the literature indicate considerable vari-
ation in length-at–age of bluefi sh between areas (Ta-
ble 5). Terceiro and Ross (1993) attributed this varia-
tion to a sampling bias in available fi sh and to the 
differential proportion of spawned fi shes in collected 
samples (e.g. due to multiple spawning). Champagnat 
(1983) suggested that differences in size at fi rst ma-
turity could lead to differences in growth parameters. 
The reported size at fi rst maturity of bluefi sh varies 
from 250 mm TL in South Africa (Van der Elst, 1976) 
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to 430 mm TL in Senegal (Conand, 1975, Champagnat, 
1983). In southern Brazil, length at fi rst maturity for blue-
fi sh is between 350 to 400 mm TL (Haimovici and Krug, 
1992) and this stock is considered to be relatively fast 
growing.

It is diffi cult to obtain samples representative of the 
population’s age structure when using a single gear be-
cause of the size selectivity of most gears (Bagenal and 
Tesch, 1978). Also, the ranges of fi sh length and age rep-
resented in a study may affect the estimation of popu-
lation parameters if  they are not representative of the 
stock (Goodyear, 1995). Our study suggests that the data 
used for the estimation of the growth parameters for a fi sh 
stock should allow for the possible effects of gear selec-
tivity. Data from different gears should be analyzed and 
should cover as wide an area of the stock distribution as 
possible. Moreover, the technique applied for estimation 
of growth parameters should be carefully assessed and 
the one chosen, strongly justifi ed. Verifi cation of the valid-
ity of the back-calculation method and validation of the 
annual nature of increment formation are also strongly 
recommended. 
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